The research aim was to assess the dynamics of the North Adriatic pastoral landscape (Ćićarija, Croatia) with regard to the coenological composition of grassland communities, and, more specifically, to: i) assess the current grassland mosaic from a coenological viewpoint; ii) assess the effects of management abandonment on grassland species composition, also taking into account, as a basis for comparison, data on pastoral communities collected in the past decades. To achieve the research aims, 73 phytosociological relevés were carried out; for each of them field data (altitude, aspect, slope, landform) and information on grassland management were collected. Multivariate analysis of phytosociological relevés led to the identification of four vegetation types (Danthonio-Scorzoneretum villosae, Carici humilis-Centaureetum rupestris, Brachypodium rupestre-dominated stands, and Anthoxantho-Brometum erecti), which were linked to landform and to grassland management. Comparison in terms of social behaviour type composition of the grassland communities surveyed in the present study with the ones surveyed in the past decades, highlighted that the current management (grassland abandonment, as well as low intensity grazing and not periodic mowing) is leading to a percentage loss of pasture and meadow characteristic species, in favour of successional and ruderal ones. Key words: grasslands, North Adriatic, management, phytosociology, social behaviour type.
INTrodUCTIoN
european semi-natural calcareous grasslands, species-rich ecosystems, have been considered priority habitats by the european Union (92/43/ eeC directive) and judged worthy of conservation (Pärtel et al. 1999 , Norderhaug et al. 2000 , Myklestad and saetersdal 2004 , Klimek et al. 2006 . Throughout europe, owing to their low agricultural productivity (Willems 1990 (Willems , van dijk 1991 , these managed pastures are in strong decline and threatened by abandonment (luick 1998 (luick , Zervas 1998 (luick , dullinger et al. 2003 (luick , sebastià et al. 2008 . This trend has been also observed in the North Adriatic pastoral landscape (Kaligarič et al. 2006 ) and on the Ćićarija mountainous plateau as well (Vitasović Kosić 2011 , Vitasović Kosić et al. 2011 .
Thus, the understanding of change due to abandonment or management modification is a key factor for biodiversity conservation. Indeed, it is known that grassland management acts as a driving force in plant community diversity (Milchunas & lauenroth 1993 , Biondini et al. 1998 , Collins et al. 1998 , Macdonald et al. 2000 , Adler et al. 2001 , Bullock et al. 2001 , Kahmen et al. 2002 , Wilson et al. 2003 , Frank 2005 , Altesor et al. 2006 , de Bello et al. 2006 , 2007 , Catorci et al. 2011 . However, the use of simple measurements of species richness to understand plant community shifts due to management modification can lead to misleading conclusions for conservation aims (Campetella et al. 2004 ). The analysis of plant communities phytosociological composition, instead, has proven useful in understanding ecosystem dynamics and properties (scheiner 1992 (scheiner , Borhidi 1995 (scheiner , díaz et al. 2001 (scheiner , decocq et al. 2004 . This approach provides information on the mechanisms underlying species assemblages (Kolasa & rollo 1991 , Alard & Poudevigne 2000 , allows a better understanding of the relationship between environmental features and plant diversity (díaz & Cabido 1997 , lavorel et al. 1997 , McIntyre et al. 1999 , Pillar 1999 , Hunt et al. 2004 , and permits modelling floristic and vegetation shifting due to changes in management type or in disturbance intensity (Kelly 1996 , Noble & Gitay 1996 , Hobbs 1997 , Kleyer 1999 . Thus, the assessment of plant communities' coenological composition may provide useful information for the improvement of grassland management practices, according to the principles of adaptive management (Holling 1978) . our research aim was to assess the dynamics of the North Adriatic pastoral landscape with regard to the coenological composition of grassland communities, using social behaviour types analysis, in consideration of the ongoing process of abandonment of management activities. Hence, the specific research goals were to: i) assess the current grassland mosaic from a coenological viewpoint; ii) assess the effects of management abandonment on grassland species composition, also taking into account, as a basis for comparison, data on pastoral communities collected in the past decades.
MATerIAls ANd MeTHods

study area
The study area (about 1,000 ha) is located to the north of the Istrian Peninsula, on the Ćićarija mountainous plateau (45° 29' 56" -45° 30' 00" N, 13° 59' 54" -14° 00' 29" e), ranging from 250-300 to 850 -900 m a.s.l., and it is proposed as a special Protection Area (sPA) of the Natura 2000 network (92/43/eeC directive) as an important site for habitat 62A0 and bird species conservation. The climate is transitional between mediterranean and continental pre-Alpine, with cool, rainy winters and long, dry summers (Poldini 1989) . The mean annual temperature is 12.6 °C, the coldest in February (0 -2 °C) and the warmest in July or August (18 -22 °C) . Precipitation is about 1500 mm/year, most of which falls in autumn; a less pronounced secondary peak occurs as spring turns to summer. From a bioclimatic viewpoint, the study area belongs to the sub-mediterranean belt (Kaligarič 1997) and the epi-mediterranean zone of the mediterranean-mountain vegetation belt (Čarni 2003) . The territory is characterised by karstic phenomena (dolines, caves, etc.) ; the bedrock consists of limestone; soils are generally brown, shallow and clast-rich. Pastures are for the most part undergrazed because of the low density of grazers (sheep) or abandoned; meadows are not regularly mown, are abandoned or, in some cases, derive from seeded forage meadows that have been abandoned (Vitasović Kosić et al. 2011) .
The pastoral landscape is characterized by pastures and meadows, referred to the Scorzoneretalia villosae order (Festuco-Brometea class) and Arrhenatheretalia elatioris order (Molinio-Arrhenatheretea class), respectively.
data collection
data collection was planned according to a stratified sampling method in order to sample all the topographic conditions, related to altitude, aspect, slope and landform, and all types of grassland use (mowing, grazing, mowing abandonment, and grazing abandonment).
during 2009, 73 relevés were carried out using the Braun-Blanquet method (1964) in 10 × 10 m plots (100 m 2 ). Field data (altitude, aspect, slope, landform) and information on grassland management were collected for each plot.
Phytosociological papers which report data collected during the past decades on grasslands of the study area and neighbouring territories (Poldini 1980 , 1985 , 1989 , Poldini & oriolo 1994 , Kaligarič & Poldini 1997 were consulted.
species were grouped in social behaviour types (sBTs) (Borhidi 1995 , Bartha et al. 2008 , Catorci et al. 2011a . sBTs aggregate species with similar preferences for the associated habitats, i.e. based on their coenological role, that is the role that a plant species plays in the community (Borhidi 1995) considering species in regard to their autoecology, morphology and physiological performances (Alard & Poudevigne 2000) . species sBTs were assessed in accordance with Mucina et al. (1993) , Biondi et al. (2001 Biondi et al. ( , 2005 , Aeschimann et al. (2004), and Čarni et al. (2005) , following the most accepted phytosociological placement of each species: pasture species (characteristic of Festuco-Brometea, Tuberarietea guttatae, and Sedo-Scleranthetea classes); meadow species (characteristic of Molinio-Arrhenatheretea class); successional and ruderal species (characteristic of Trifolio-Geranietea, Rhamno-Prunetea, Querco-Fagetea, Artemisietea vulgaris , and Stellarietea mediae classes).
data elaboration
Phytosociological relevés were submitted to cluster analysis using the Complete link algorithm (orloci 1978) , based on chord distance. To this purpose Braun-Blanquet values were transformed according to the van der Maarel scale (1979) . For the syntaxonomical placement of the grassland types, local phytosociological studies (Poldini 1980 , 1985 , 1989 , Poldini & oriolo 1994 , Kaligarič & Poldini 1997 were consulted. The species nomenclature followed the Flora Croatica database (Nikolić 2011) and Flora d'Italia (Pignatti 1982) .
A synoptic table was made to compare the current coenological composition of syntaxa emerging from the phytosociological interpretation of Ćićarija grassland communities, with one of the same syntaxa identified in the North Adriatic pastoral landscape by other authors during the past decades (Poldini 1989 , Kaligarič & Poldini 1997 . The sBT frequency distribution of each relevé group reported in the synoptic table was calculated.
Cluster analysis was performed using sYN-TAX 2000 software (Podani 2001). 3. resUlTs
Phytosociological analysis
The multivariate analysis of phytosociological relevés ( Figure 1 ) shows a separation into two main clusters (I and II), the latter divided into two subclusters (IIa, IIb) .
Cluster I aggregates relevés ranging from 200-250 to 650-700 (888) m a.s.l., spread on flat or slightly concave surfaces, on the transition belt between slopes and flat lands, with quite deep soils ( Table 1 ). The assessment of floristic and ecological features allows this community to be referred to the Danthonio-Scorzoneretum villosae association (Scorzonerion villosae alliance). such grasslands are mainly managed as hay meadows.
Cluster IIa includes relevés ranging from 500-550 to 700-750 (852) m a.s.l., spread on flat or slightly convex relief tops and on slightly or moderately steep slopes, with shallow soils and outcropping rock ( Table 2 ). The assessment of floristic and ecological features enables such a community to be referred to the Carici humilisCentaureetum rupestris association (Saturejion subspicatae alliance). Group IIa is further separated, at a lower dissimilarity level, into two subgroups (IIa 1 , IIa 2 ), the former referred to grazed pastures, the latter to ungrazed and unmown grasslands, which are referred to a variant differentiated by Brachypodium rupestre.
Cluster IIb aggregates relevés spread generally on flat lands, on the bottom of depressions between relief tops, with deep clayey soils, between 500-550 and 700-750 m a.s.l. (Table 3) . From a phytosociological viewpoint they are referred to Anthoxantho-Brometum erecti (Arrhenatherion elatioris alliance). This type of grassland, once used as pasture and hay meadow, at present is mostly unmanaged.
The synoptic table (Table 4) shows the comparison of phytosociological composition between the above mentioned groups and the respective syntaxa drawn from the literature (Poldini 1989 , Kaligarič & Poldini 1997 3.2 social behaviour types composition Table 5 shows the percentage frequency distribution of social behaviour types in each group of relevés reported in the synoptic table (Table 4) . With regard to Danthonio-Scorzoneretum villosae, relevés from Ćićarija grasslands, compared with Kaligarič & Poldini's (1997) ones (Table 5 , columns 1 and 2), show a lower frequency of pasture species and a higher occurrence of successional and ruderal elements (mostly from fringe habitats and fallow fields, mainly belonging to Trifolio-Geranietea and Artemisietea vulgaris classes). similar differences have been observed also in Carici humilis-Centaureetum rupestris (Table 5 , columns 3, 4, and 5). social behaviour types variations are particularly pronounced in abandoned grasslands (cluster IIa 2 ), because of the higher percentage of successional and ruderal species, mostly due to herbaceous and woody fringe species (Trifolio-Geranietea and RhamnoPrunetea classes), and to nitrophilous elements (Artemisietea vulgaris class). With regard to Anthoxantho-Brometum erecti (Table 5 , columns 6 and 7), Ćićarija grasslands have a higher percentage value of successional and ruderal species (in particular belonging to Trifolio-Geranietea, Artemisietea vulgaris, and Rhamno-Prunetea classes), and a lower value of meadow elements, compared with Poldini's (1989) relevés, while the frequency of pasture species is constant.
dIsCUssIoN
From the comparison of the relevé groups emerging from multivariate analysis (Figure 1 ) and of the collected field data (Tables 1-3) , it can be observed that relevés segregation into clusters at the highest dissimilarity level is linked to landform, which, in turn, affects soil characteristics. These findings are consistent with plant communities distribution modeling, proposed by Vitanzi et al. (2009) , and with Poldini's (1989) description of grassland communities' distribution in relation to landforms. Clusters segregation into subclusters at a lower dissimilarity level mostly depends on grassland use/non-use.
Comparing species composition of the above mentioned syntaxa of grassland communities, Dissimilarity sampled in the study area, with the ones reported in previous studies (Table 4) , it can be argued that, at present, all the plant communities have a relatively high percentage of successional species (mostly herbaceous and shrubby fringe) ( Table 5 ). This is due to grassland abandonment, as observed also by Catorci et al. (2011b) in the Apennines, and, probably, to the low intensity use of the whole pastoral system. More particularly, cluster I (Figure 1) ). Cluster IIb aggregates relevés characterized by the typical elements of meadows (Molinio-Arrhenatheretea class) and by a conspicuous number of pasture species (FestucoBrometea class) and of successional and ruderal species (Trifolio-Geranietea, Rhamno-Prunetea, and Artemisietea vulgaris classes). despite their floristic similarity, mainly due to the dominance of the Molinio-Arrhenatheretea species set, these relevés have a heterogeneous composition, probably because of the different origin of these grasslands. As a matter of fact, they derive from recolonisation processes of abandoned seeded meadows by Molinio-Arrhenatheretea species or, conversely, they are the result of the abandonment of Arrhenatherum elatius-dominated meadows. The lower frequency of meadow species in this group than in Poldini's (1989) relevés, in favour of successional and ruderal ones, can be explained by considering that, in accordance with Catorci & Gatti (2010) , the occurrence of the MolinioArrhenatheretea class characteristic species set is linked to the contemporary presence of mowing, high soil nitrogen content, and high soil Available Water Capacity, so that the abandonment of mowing and/or fertilization cause the loss of Molinio-Arrhenatheretea species.
Moreover, the occurrence of Brachypodium rupestre in Ćićarija unmanaged grassland communities (Tables 2 and 3) is consistent with several studies, which emphasize the role of B. pinnatum and B. rupestre in the invasion of unmanaged grasslands, through processes of competition, and the related conservation problems (during & Willems 1984 , Bobbink & Willems 1987 . The reduction in grazing pressure, for instance, was primarily referred as a cause of the spread of B. pinnatum in the United Kingdom (Wilson et al. 1995 , Buckland et al. 2001 ) and of B. rupestre in the Apennines (Bonanomi & Allegrezza 2004) . Table 6 shows schematically the types of land use (pasture, meadow), their relation with landforms, and the observed dynamic trends of Ćićarija grassland syntaxa, and reports some hypotheses about their evolution in case of protracted abandonment.
CoNClUsIoNs
The coenological analysis of Ćićarija grasslands indicated that grassland abandonment, undergrazing and not periodic mowing (low disturbance) are leading to a coenological variation, which consists in a percentage loss of pasture and meadow characteristic species in ungrazed and unmown grasslands, respectively, in favour of successional and ruderal ones (Vitasović Kosić et al. 2011) . More specifically, the analysis of sBT frequencies shifts highlighted that the current management is causing the homogenization of grassland communities coenological composition (Table 5) . on the other hand, other studies indicate that intensive farming activities also cause landscape homogenization in central europe (Poschlod & Wallis deVries 2002 , robinson & sutherland 2002 , Benton et al. 2003 , Tscharntke et al. 2005 . Thus actually, both high and low intensity use are liable to lead to a progressive homogenization of pastoral landscape.
However, as stated by Bakker (1998), differences in local grazing intensity may be very influential on plant communities' composition, at intermediate scales, while at small scales may cause the occurrence of micro-patterns, resulting in a system of pulsing patches. Moreover, it is known that dry grasslands on steep slopes or shallow soils are more resistant to vegetation change caused by abandonment than grasslands on flatter sites, hence they are more suitable to preserving plant biodiversity; on the contrary, mesophilous meadows are less resistant (Bennie et al. 2006) , and hence they are more vulnerable than pastures to the loss of species diversity because of management abandonment.
such considerations suggest that pastures and meadows should be subjected to different types of regulation in order to preserve their diversity. In particular, a general low pressure of grazing can be maintained by means of grazing rotation, favouring the contemporary presence of ungrazed, undergrazed and moderately grazed pasture patches, while intensive grazing should be avoided because of the low resilience of dry pastures (Hirst et al. 2005) . In pastures abandoned a long time ago, shrub clearing should be planned. In meadows, regular mowing should be maintained and incentivized; moreover, fertilization might be necessary, in specific cases, to improve productivity and preserve the meadow characteristic species set. Finally, the implementation of management plans for Ćićarija grasslands will contribute to protecting one of the biodiversity hot spots in europe, proposed as a special Protection Area (sPA) of the Natura 2000 network, rich in endemisms, threatened plant species and floristic entities that reach in this area the edge of their range.
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